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PRECEDING PAGE BLANK NOT FILMED,
PREFACE

This report is submitted to the National Aeronautics and Space Administration
(NASA) by the Missile and Space Systems Division (MSSD), Douglas Aircraft
Company, a component of the McDonnell Douglas Corporation, It was prepared
under Addendum One, Contract No, NAS8-21064, The purpose of this addendum
was to explore the disciplines of oceanography and meteorology and to identify
those elements of a long-range research plan which could be effectively
accomplished with manned space platforms.

This report is in two parts: Volume Iis an executive summary of study results
and conclusions, Volume II contains the technical details of the analysis,

Using an analytic approach developed on an earlier study (NAS8-21023) the present
effort has attempted to identify the orbital observational requirements needed to
support key research objectives in oceanography and meteorology, Scientific
research objectives, as well as the socioeconomic and political factors which in
turn may dictate knowledge requirements in these areas, have been considered,
The study was conducted in accordance with the NASA-approved Program Study
Qutline, dated 27 June 1967,

Requests for further information concerning this report are invited and will be
welcomed by:

® Edward H., Olling, Code ET-4
Chief--Earth Orbital Mission Office
National Aeronautics and Space Administration
Manned Spacecraft Center
Houston, Texas 77058
Telephone: 713-483-4966
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Section 1

INTRODUCTION AND SUMMARY

For specific applications, the technological capability required to utilize the van-
tage point of space to learn more about the Earth's land masses, atmosphere,

and oceans, is now available, The unmanned satellites of the Environmental
Sciences Service Administration are transmitting routine weather data on a global
basis, NASA's development and instrument feasibility programs, including Nimbus
and the Applications Technology Satellites (ATS), are providing vital scientific

data which will amplify our knowledge of the new mechanisms of space utilization,
The ATS I11 carrles an experiment developed by V. E. Suomi” *and R. J. Parent, in
which a '"'spin-scan' camera system views one-third of the globe from a geostation-
ary orbit {Figure l—l). Using three photomultiplier circuits, this camera com-
pletes a new three-color picture every 30 min. during daylight periods. These
color presentations show the contrasting features of the clouds, land, and the oceans
and have already suggested new concepts of tropical circulatory patterns. This
program can lead to the development of an operational system which will provide
almost continuous cloud-coverage data and enable meteorologists to follow changes
in global weather conditions on a nearly real-time basis. As an example, it has
already been possible to estimate average winds from these pictures by recording
the movement of discrete cloud cells,

Equally exciting has been the experience gained with manned space flight, Pictures
taken from space by the astronauts with hand held cameras have provided a wealth
of photographic material on the spectral reflectance characteristics of clouds,

land, and water, Figure 1-2 from Gemini IV graphically illustrates the feasibility
of recording sun glint or solar reflection from the sea surface, By measuring the
extent and breadth of the sun glint area from space, surface wind conditions and
the sea state can be estimated. Wave patterns are also discernible in similar
photographs, These early applications appear so encouraging and promise such
large economic return when embodied in operational systems that initial planning
of more extensive programs appears warranted, **

While the opportunities for important research from a platform in Earth orbit
are clear, significant planning questions remain for NASA, For example, the
design of the space station or satellite and its scientific instrumentation may be
extremely sensitive to the continuously evolving objectives of the research pro-
gram, What is their sensitivity to research objectives? What are acceptable
strategies in reaching these objectives? Considering the real-life constraints of
physical and intellectual resources, is there a systematic approach to planning
for the accomplishment of these objectives?

In a sense, the ultimate objective of this study was to reduce the uncertainty in
the planning of orbital research and development and operational programs in the
disciplines of oceanography and meteorology.

The specific purpose of this study was to identify and analyze elements of a long-
range evolutionary plan which would capitalize on the contributions of manned space
flight and exploit the orbital opportunities offered to oceanography and meteorology.
Douglas sought to design the program in a way which would satisfy the needs of the
scientific community to as large an extent as possible, with flexibility for change
as new data about the oceans and the atmosphere stimulated new objectives. In
identifying the critical research objectives of these disciplines, the study team
sought to apply a planning methodology which would demonstrate the completeness

*A consultant to Douglas on the present study.

“kFor example, see Reference 1,



Figure 1-2. Solar Reflection From the Sea Surface




of the program and yield information as to relative priority ranking among the
space experiments, The methodological approach used had been developed
partially in an earlier Orbital Astronomy Support Facility (OASF) Study, (Refer-
ences 2 through 5) conducted by Douglas,

The Orbital Oceanography and Meteorology Study was limited to the sun-Earth
relationships within the boundary shown in Figure 1-3. Specifically, the study
considered the ocean, the atmosphere, and certain of their interactions with the
land. Included were the coastal-zone effects and the tidal influence of the moon,
The air-sea interface with land areas, the freshwater or limnological zone, and
the sun's and moon's tidal effects on the atmosphere, although prime candidates
for future research, were not explored in this study,

Examining oceanography and meteorology through the eyes of both the research
scientist and potential users of the information led to the identification of a num-
ber of critical issues, which included, for example, the detection and identification
of edible fish and sea plants from orbit; the use of the sea as a source of energy
and as a depository for effluent outfall and other wastes; the accretion rates of
sediment and sand; the causes of air pollution, and their impact on climatic
conditions and the heat transfer mechanisms affecting macro, meso, and micro
climatic effects. In recognition that many of the implied measurements cannot be
made from a remote platform, the study initially identified those areas where
remote sensing was currently possible or was desirable,

Sixty-four such measurement areas were identified, Five of these appeared to
require instrumentation beyond the state of current knowledge and theory; for
example, the remote measurement of sea surface charge, Of the remainder, all
appeared feasible from orbital platforms operating independently or in conjunction
with aircraft or surface stations., It was found that a significant number (about 30%)
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of the measurement techniques could be developed using aircraft alone; less than
10% of the R&D measurements required orbital testing alone, The "orbital-only"
instrumentation was primarily associated with utilization of zero gravity; for
example, in cloud chamber and weather-modification experiments, By far more
common (60%) was the need for multiple platforms., This type of sensor develop-
ment involved the comparison of data obtained by remote monitoring with data
obtained at the source; for example, correlating remote microwave radiometric
measurements with sea-surface temperature measurements made from surface
vessels,

Although the detailed definition of the role of man in orbital research was beyond
the scope of the present study, a preliminary analysis indicated that considerable
value could be attached to his presence during the initial research and instrument
development phases of the orbital operations,

To provide a basis for sequencing the tasks which should be accomplished in an
orbital program, value judgments of the detailed objectives were made by the
scientific contributors. The study has shown that a composite list of basic meas-
urements can be formulated which is relatively insensitive to differing opinions
of worth, yet is relatively responsive to the needs of potential users,

Section 2

STUDY OBJECTIVES

The objective of this study was to systematically identify, for program planners,
those research objectives and measurements in the fields of oceanography and
meteorology which could profitably exploit the potential offered by manned orbital
facilities,

The managers and decision makers responsible for guiding this nation's space
program are continually faced with alternative courses of action, In the selection
process, a choice is made from among these alternatives which affects the alloca-
tion of resources, the implementation and scheduling of programs, and the deter-
mination of costs and potential benefits, The information needed by management

to develop decision criteria is essentially the same regardless of the scientific

or technical area of interest, Research objectives must be defined, an orbital
experiment program must be generated, supporting research and development
(R&D) requirements must be identified, the facility requirements must be specified,
and the ground support and operational interfaces must be determined (Figure 2-1),
For each of the hardware items '
involved, development times
and costs must be estimated to |
provide a master time-phased
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would appear that three steps are required: Step I, identification of critical issues
or significant research objectives; Step II, examination of the utility of space and
the selection of those specific research objectives for which space-based measure-
ments offer unique information; and Step III, development of an orbital experiment
program which details the instrumentation, facility, and operational support
required,

The systems approach to program definition involves all three steps, The present
study was concerned only with Steps I and II. Of particular interest was the identi-
fication of those research areas where manned space platforms could offer unique
capability, The results of this study provide much of the basic information needed
for NASA to proceed to Step III, the next phase of the total program definition
activity,

The study team was aware that in scientific disciplines, unexpected rather than
planned events sometimes contribute most significantly to scientific insight and

that such unexpected discoveries could well influence subsequent planning., Fur-
thermore, while rigid research plans may facilitate the design of space instruments,
they may stifle innovative research, Recognizing these aspects, the study team
sought to develop an approach that would provide a consensus structured well

enough for initial planning and for the derivation of instrument and space-station
designs, but flexible enough to permit change and individual contributions and
participation,

Section 3
RELATIONSHIP TO OTHER NASA EFFORTS

Several recently completed advanced system studies have examined the broad
spectrum of potential space-research activities, These activities include those
related to the basic sciences; Earth-resource surveys, and such applied problems
as the potential provided for communication, navigation, and traffic control
(References 6 through 18)., Although these activities have served to provide insight
into the wealth of research .capability provided by the utilization of space platforms,
relatively few studies have attempted to define in detail a specific research pro-
gram or the implementation requirements for accomplishing such a program,

A notable example of the approach required for program planning in each scientific
area is the OASF Study recently completed for the Marshall Space Flight Center
(MSFEC). In that study, a basic methodology for the systematic analysis of astronomy
research objectives and their attendant measurement and mission requirements

was developed. While the oceanography and meteorology requirements study
described in this document did not have as its immediate objective the accomplish-
ment of the same depth of program planning acitivity as encompassed by the OASF
Study, it was nevertheless possible to profit directly from the methodological
approach to requirements analysis developed in the latter. In addition to the

OASF Study, many of the recent studies in oceanography and meteorology sponsored
by NASA and other government agencies provided valuable insights into the critical
problems identified by oceanographers and atmospheric scientists and were used
extensively as background material for the present study. Of special note are the
activities of the Spacecraft Oceanography Project sponsored by the U,S. Naval
Oceanographic Office, the activities of the Committee on Atmospheric Sciences,
COSPAR, and the World Meteorological Organization,



Section 4
STUDY APPROACH

In identifying key research objectives and selecting those which can most profitably
be addressed from manned space platforms, the systems engineer is faced with
the problem of assuring himself that he has in fact considered all relevant areas,
i,e., that there are no significant gaps in his coverage. In addition to demonstra-
ting completeness, a research-oriented plan should also inherently contain infor-
mation from which relative priority among competing measurements can be
assessed, Similar considerations were addressed in the NASA OASF Study per-
formed by Douglas, and a methodology was developed which was found to be
generally applicable to the oceanography and meteorology case, Briefly, four
methods of analysis were investigated: an '"'object-oriented' approach, based on
the system described by Churchman, Ackoff, and Arnoff (Reference 19); a
morphological or '"parametric-matrix' approach patterned after Zwicky's work,

in which such particular parameters of interest as angular resolution, spectral
bands, etc., were related to the astronomical bodies (Reference 20); 2 '"consensus
approach'' to define "burning issues' of astronomy (Reference 21); and finally a
"research-oriented relevance tree.'" This final approach differed from the earlier
concepts in that it recognized the necessity of articulating the relationship between
the theoretical and the experimental branches of the discipline, In effect, the
earlier methods yielded only a systematic cataloging of potential experiments and
observations with little cohesive structure to indicate logical relationships among
experiments, This missing intrastructure connects the theories, the hypotheses,
and the experimental programs which evolve from them, The theoretical portion
of the research-oriented approach consisted of statements of the alternative
research hypotheses. The
experimental branch consisted
of a spectrum of potentially
feasible experiments within the DISCIPLINE
limits set by currently held
views of the discipline,

Clearly, there is an adaptive l 1
feedback in which new or ‘ 4{

unexpected experimental data THEORETICH IEXPERlMENTAL
cause theory revision and 1 1
revised theories suggest new PARADIGM STATEMENT “NORMAL” SCIENCE
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These three categories represent three points of departure for the discipline,
Taken together, they fully define its present state of knowledge and are capable of
being expanded to include new knowledge as it is collected, The division among
these points of departure is coincident with the contemporary sub-disciplines of
astronomy: cosmology and cosmogony, observational astronomy, and astro-
physics., This breakdown of evolution, state, and laws of order apparently has
general application to relevance-tree structuring of many other scientific
disciplines (Figure 4-3).

In view of the success of this research-oriented approach in the OASF Study, it
was believed that a similar type analysis could be of value in identifying the
measurement requirements of significance to orbital oceanography and meteorology.
Whereas astronomy asks questions pertaining to understanding the universe,
oceanography and meteorology ask questions pertaining to the oceans and the

at nosphere, In this sense, a direct parallel did appear for the categories identi-
fied as evolution, state, and change. In meteorology, questions of evolution lead
to consideration of the Molten-Globe Hypothesis, the Accretion Hypothesis, the
Original Component Hypothesis, and others. Questions of physical laws of change
lead to consideration of the factors of momentum, heat, mass, and chemical
composition, Observational factors of
the current state of the atmosphere

UNIVERSAL GOALS provide a basis for describing and
forecasting weather conditions. In a
_ similar vein, oceanographic research
ASTRONOMY . .
objectives also appeared related to
evolution (biota, water origination
KNOWLEDGE theories, etc.); state (salinity fields,
electric, acoustic, and heat flow, etc,);
] ! and physical change (erosion principles,
I EVOLUTION I I STATE I I CHANGE ] sedimentation dynamics, turbulence,
1 I I and flux relationships).

[ el pemmvnow ||  pemsr, | While this type of categorization pro-
] vided an interesting and useful starting
,, point for the more basic sciences, it
was found to be somewhat limited for
the applied areas, In oceanography and
Figure 4-3. Research-Oriented Logic meteorology in particular, it was evident
that the analysis should not be limited
solely to the scientific goals of the

pursuit of knowledge, but should be
expanded to consider the uses to which
that knowledge could be placed and the
[ i | [ effects which oceanographic and mete-
I uses I IKNOWLEDGE] | EFFECTS I I uses l IKNOWLEDGEI I_:F_FJE:T:—I orological phenomena mlght have on man
scconome [ weamen o cmare !l l (Figure 4-4), Accordingly, the points
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these varied points of departure, it was
believed that the resultant identification
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profitably be made from remote-sensing platforms would be comprehensive
and complete,

The final form of the analysis could be described as a logic net or research rele-
vance tree, in which a series of questions could be asked, starting with the
broadest categories at the top and deriving at each subsequent level a greater
degree of specification until, at the lowest levels, the critical issues pertinent to
each major objective area were identified, As an example (Figure 4-5), five levels
of increasing detail or specificity were utilized, ranging from General Objectives
to Critical Issues, For the three specific categories identified as uses, knowledge,
and effects (Figure 4-6), 10 application areas were identified in oceanography and
9 in meteorology; 38 specific categories in oceanography and 37 in meteorology;
and 176 critical issues in oceanography and 137 in meteorology. The details of
this analysis are presented in Section 3 of Volume II of this Study.

Once the critical issues had been identified in each area, the types of information
or knowledge needed to address these issues were determined judgmentally, At
this point in the analysis, it was found that a single bit of information or knowledge
requirement might be applicable to several critical issues. In the same fashion,
some potential measurements were found to provide data applicable to more than
one knowledge requirement, As an example, information on the sea-surface
temperature distribution would be an important factor in understanding the popula-
tion dynamics of plankton and would also be important in determining surface-
current distribution and upwelling effects, These latter factors in turn affect the
distribution of organic and inorganic materials. A direct measurement of sea-
surface temperature using IR or microwave radiometry would not only provide
information on temperature distribution, but would also be useful in providing
information on slicks, surface winds, ocean currents, etc,

To record these interrelationships, the knowledge requirements, critical issues,
and measurements were tabulated in a matrix format and are summarized in
Tables 4-1 through 4-4, These tables include those critical issues which were
identified in the analysis as areas in which remote measurements could offer
significant advantages. The derivation of these tables is described in greater
detail in Volume II, Technical Report, Section 3,

It was recognized that not each of the knowledge requirements was of equal impor-
tance in pursuing each critical issue, and each measurement was not equal in its
contribution to the generation of the information or knowledge requirements, With
the help of the scientific contributors, consensus judgments of the relative impor-
tance of each relationship were made, In their ranking, a value of 10 was used to
indicate that the measurement was essential; 5 if it provided only a portion of the
desired information; and 2 if it was supplemental data, useful for purposes of
interpretation but not a direct indicator of the phenomena of interest, A measure-
ment of sea-surface temperature, for example, would be an essential indicator of
temperature distribution (rated 10) but it would only be one contributory bit of
data in locating surface slicks (rated 5). Photographic recording may not provide
precise surface temperature data, but it would provide supplementary information
useful in interpreting IR and microwave patterns if clouds were in the field of

view (rated 2). In addition to showing the association of measurements, knowledge
requirements, and critical issues, the numbers in the cells of Tables 4-1 to 4-4
indicate the relative degree of importance of the relationship,

When the commonality analysis of measurement requirements was completed, and
those measurements feasible or desirable from a remote platform were identified,
35 measurements of importance to oceanography and 29 measurements of impor-
tance to meteorology remained, Of these 64 measurements, 11 were common to
both oceanography and meteorology, For each of the 64 measurements, an
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observation requirement data sheet
(ORDS, Figure 4-7) was filled out, CATEGORIES
specifying the pertinent information ] .(E1)

1 1

regarding such parameters as spectral [sreciric appucarions] | e | [ wwowesae ] [ eees ] y3)
regions, spatial and temporal resolution A ——— L

requirements, and orbital requirements, * — (10)

T I T 1 r I 1

The compilation of ORDS represented [seeciric carecomes | [ masmaron ] [ reoicmion | emesox | (38)
the completion of Steps I and II in the ! ——— ' .
. . . camcaLissues | | {
program-planning process outlined in

SHORT RANGE

(176)

Figure 2-1. Specifically, the ORDS owizoce
(see Volume II) documented those basic —T— “9)
measurements which would provide ovstavaTion
unique information to the disciplines of (35)

MEASUREMENT
REQUIREMENTS

oceanography and meteorology if the
measurement were made from space-

based observation platforms ‘ Figure 4-6. Structured Analysis Levels

o /METEQROLOGY € 1 SYSTEMS AMALYSIS
OBSIRVATION RENUIREMENT OATA SHEET (ORO)
OBSERVATION TITLE ! wyocfe offy oo wavurcfer voaravenent vearri: -w!
V. PARAMETER F1 83 rpdivtomer menl oy an’ Lok fetiv.) ___DATE D teraselt IWESTIGATOR [Prenciralis])
2. SELRCTED XNOWLEOGE (SKR)_[Comtams sedencae mor’ o3 o4 avfated t¢'s

3. OBJECT(S) OBSEAVED OR SOURCES_ 4:fcs <4 -femwerr) =
4. GENERAL EXPERINENY RELATING PARAMETER TO AREA OF APPLICATION P7¢'evibry fiertefecal Lasad for vlaereing
raraneter and cmbicatove models)

5. PARMMETER TECHNIQUE 11acsents suaaestel gearveble senscna wothodls))

6. POTENTIAL WEASUREMENT LOCATIONS OR PLATFORMS (ENCIRCLE ONE OR MORE): SURFACE AIRCRAFT ROCKET
SPACECRAFT BALLOON BuoY OTHER

7. RELATED OR CONCURRENT OSSERVATIONS, INCLUDING GROUMD TRUTH (Teats needs for athes measurcments

00 interraetateon of Faste wcaguroment
8. RELATED OR CONCURRENT EXPERIMENTAL AND TREORETICAL WORK 7¢3fs add.troval fiocnetical and mode? develormont
needs)

PARMAETER OBSERVATION DATA REQUIRERENTS
{1TEMS 9-¥1)

9. PARAMETER QUANTITATIVE CHARACTERISTICS ., Fe Cw X’ .
e JRESOLUTION . RANGE
ACCURACY PRECISTON RESOLUTION: = , ¥
10. PARMETER SPATIAL CHARACTERISTICS CURACY: & ) Al
RESOLUTION: x .y .t %
ORSERVATION MElowT___ OTWER __ OATA m%ﬁ::.s:‘:f%nmm
ACCURACY: % R e S %0, VARTABLES, NiN, INTERVAL
o - ESOLUTION (%) LEWTH
*FIELO OF VIEW: =x e Y Pangez . ¢ 19, DATA STORAGE FORMAT —_—
Of SCAR RAKGE: o, » § ¥ 20. OMBOARD DATA PROCESSING_
COMENTS 1. MUMBER OF OBSERYATIONS |{tcquency teqne rpnenfi]
TN, PARMETER TEMPORAL CHARACTERISTICS 22. DATA RECOVERY MODE AND CHARACTERTSTICS
CONTINOOUS:  RESORUTION wew
[INVERMITTENT:  RESOLUTION __ LEMGTH .+ 23. CROUND DATA PROCESSING
INTERVAL: WIM. __ ___ MAK. _X R
tpock ¥O. OF SANMES _ RISSION ORBITAL REOUIRENENTS
TINIRG ACCURACY: RECATIVE_ _ _Assotute__~ (17ems 24-32)

24. REPEATADLE ORSIT TRACE FREQUENCY
SPECIFIC ”’ff{:,?,"?”;')" 5. OMITAL MMCLIWATION i
8. PERIGEE ALTITUOE
12, WEASURDNENT: RADIATION . FIELOS_ .+ 1. ApoGEE ALTITVOE
PARTICLES — 5. OTHER ORBITAL PARANETENS
13, OFSERVATION TYPE (ERCIRCLE OWE (R WORE}:  ACTIVE
PASSIVE SURVEY TARGETING PHOTOGRAPHY * 25, POINTING ACCURACY ©
SPECTROSCOPY RADLONETRY POLARINETRY © 0. coDARCE STABILITY Y R
ASTNG SCARKIG oTWeR_ __ PERIOD
V4. DETECTOR Amosom soumce TYPE:_ 31, RISSION CRBITAL ALTERMATIVES
W — R,
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Figure 4-7. Observation/Measurement Requirements
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PHYSICAL

KNOWLEDGE OF STATE
RESCUE AND CHEMICAL BIOLOGICAL

DATA EXCHARGE

SECURITY

NATIONAL AND INTERNATIONAL USES

POLLUTIOR MONITORING

EDUCATION

LIFE

SOCIAL AND CULTURAL USES

Table 4-2 (page 1 of 2)
MATRIX OF APPLICATION (METEOROLOGY)

RECREATION

TRANS
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DETERMINE ATMOSPHERE COMPGSITION AND MASS
(THUNDERSYORMS, TORNADOS, DUST STORMS, ETC.)

(PRESSURE FIELD}
DETERMINE AEROSOL PARTICLES, SOURCES, TYPES.

AND EXTENT

DETERMINE ATMOSPHENIC CHARACTERISTICS OF

OTHEN PLANETY

LOCATE AND TRACK SEVERE LOCAL STOAMS
CETERMINE SURFACE WATER AREA, EXTENT,
DETERMINE LAND USE DISTRIBUTION PATTERNS
AND SURFACE CHARACTERISTICS

ANO STATE:

DETERMINE WATER VAPOR DISTRIBUTION
DETERMINE EVAPORATIN/CONDENSATION
DETERMINE CLOUD TYPE, HEIGHT, THICKNESS,
AND DENSITY

DETERMINE POLLUTION SOURCES AND EXTENT
MONITON LAND ERCSION/SEDIMENTATION

DISTRIBUTION
'GETERMINE PRECIMTATION EXTENT, TYPE,

DETERMINE RADIATIVE PROPERTIES OF THE
ATMOSPHERIC LAYERS AND BOUNDARIES,
DETERMINE HEAT SOURCES AND SINKS
DETERMINE SPECTRAL DISTRISUTION OF
SOLAR RADIATION

DETERMINE THE RADIO PROPAGATION
CHARACTERISYICS OF THE ATMOSERE
'DETERMINE ACOUSTIC PROPAGATION
CHARACTERISTICS OF THE ATMOSPHERE
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Table 4-3
SELECTED KNOWLEDGE REQUIREMENTS (Oceanography)
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Table 4-4
SELECTED KNOWLEDGE REQUIREMENTS (Meteorology)
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Section 5
STUDY RESULTS

The ORDS, when taken as a composite set of potential measurements for orbital
oceanography and meteorclogy, provided interesting insights into the general obser-
vational patterns which might be anticipated in future research programs. The pat-
terns or trends observed suggest answers to mission-planning questions regarding
the spectral regions of importance, the grid-point sampling intervals, the frequency
with which the measurements should be made, the role of potential observational
platforms, the role of man, orbital operation requirements, and the specific instru-
ments or sensors needed for a comprehensive measurement program.

5.1 SPECTRAL REGIONS OF INTEREST

For a comprehensive measurement program in orbital oceanography and meteor-
ology, the principal spectralregions of interest are the visible (0.4 to 0. 8u), infra-
red (0. 8 to 50un), and microwave (10° to 1059) bands. Spectral-sensing requirements
for 31 of the more important measurement areas are summarized in Figures 5-1
and 5-2. For nearly every phenomenon of interest, measurements were required
in more than one spectral region. In many cases, multiband sensing was required
to provide secondary or ''control' data which could be used to aid in interpreting
the significance of the data gathered in the spectral region of primary measurement
interest, As an example, IR upwelling from the Earth's surface in the 10 to 11lu
region is occulted or attenuated by clouds in the field of view. Since the energy
detected would be radiated at the cloud's temperature, a control measurement is
needed (probably in the visible region) to verify the radiation source.

Because of their three-dimensional nature, meteorological phenomena generally
require a greater number of wavelength regions in their measurement programs
than do oceanographic phenomena. To illustrate, the differential absorption bands
of the various constituents of the Earth's atmosphere are important factors in con-
trolling the amount of the reflected and scattered radiation which could be observed
from the vantage point of space. Comparison of the relative amounts of reflected
and scattered radiation in various portions of the electromagnetic spectrum provides
a feasible technique for assessing such factors as cloud cover; cloud heights; pre-
cipitation; surface temperature; and the vertical distribution of temperature, water
vapor, CO7, and ozone. Since the oceanographic measurements feasible from remote
platforms are essentially of a two-dimensional nature, it appears that less need
exists for broadband coverage. Required oceanographic measurements were found

ULTRA-| VISIBLE | NEAR IR |MIDDLE IR| FAR IR [MICROWAVE JULTRA| VISIBLE [NEAR IR|MIDDLEIR| FAR IR |MICROWAVE
VIOLET| 0.4 T0 0.8 |0.8 TO 34 3.0 TO 50| 50 Y0 1034/10370 105 VIOLET|0.4T0 0.84/0.8 TO 343 TO 504 5070103;1L03 101051
PLANKTON_AND_FISH Q Q SURFACE TEMPERATURE [] Q Q
SURFACE OBJECTS [e) (@) VERTICAL TEMP. PROFILE ) O [@)
CLOUD_PATTERNS Q Q Q [] SURFACE WINDS [@) D
LOCAL WINDS [@) ® VERTICAL WINDS PROFILE ) (@) [e)
SLICKS Q [] (@] SURFACE_MOISTURE [) [e) (@)
SEA STATE (@] @) VERT. WATER VAPOR PROFILE] (@) [@)
VIAVES 8 8 CLOUD COVER ‘G‘Q [e) [e)
SURF CLOUD TOP HEIGHT [e) [
SEA SURFACE TEMP. & 0 @ PRESSGRE O’ g [@) 5
ICEBERGS 8 ) ] SEVERE _STORMS [)
OCEAN_CURRENTS L] (@] 0] O PRECIPITATION Q O Q 8
POLLUTION oce O (@) 6] ] HEAT BUDGET [OX Y ) @) [@) @) (@)
COASTAL FEATURES [@) @ AIR_POLLUTION Ooe [@) [@) [@)
ANOMALIES CLEAR AIR_ TURBULENCE (@) [@]
BOTTGM COMPOSITION [e] SNOW, ICE COVER oY) [e) [®)
AIRSEA_INTERFACE (@) (@) (@) Q * Q

LEGEND ["]PRIMARY  Fiilj CONTROL

Figure 5-1. Space Sensing Spectral Requirements-Oceanography Figure 5-2. Space Sensing Spectral Requirements-Meteorology




to lie primarily in just two regions, the visible and microwave. Color photography
would provide directly usable data on the dynamics of ocean waters, plankton con-
tent, ice coverage, cloud coverage, sea state, and many other phenomena. Micro-
wave measurements of surface temperature gradients are preferred over the IR,
since they are not appreciably affected by clouds or atmospheric water vapor. Con-
siderable research and ground truth testing is required, however, before the fea-
sibility of microwave systems can be established.

5.2 SPATIAL RESOLUTION (GRID-POINT SAMPLING)

For each of the items identified in the study, the required distance between discrete
measurements (grid-point sampling) was determined. This spatial resolution
should not be confused with the resolution of the parameter in terms of accuracy and
precision of the measurement. Rather, it is the sampling distance or spatial varia-
bility of the phenomena of interest. A comparison of the data plotted in Figures 5-3
and 5-4 suggests that oceanographic phenomena require measurements made at
closer spatial intervals than meteorological phenomena,

5.3 TEMPORAL RESOLUTION (SAMPLING FREQUENCY)

Observation or data-sampling frequency (Figures 5-5 and 5-6), i.e., the interval of
elapsed time subsequent measurements of each parameter at the same grid point,
was also examined. Measurement of meteorological parameters required sampling
at more frequent time intervals than oceanographic parameters. In Figures 5-5
and 5-6, a horizontal line delineates the range of observation frequencies required
for each parameter. The horizontal lines reflect the range of sampling rates from
"desired' through ''usable.' It should be noted that the span of observation-
frequency requirements

for plankton and fish varies

s poLLUTION from hourly to monthly
A T oS data. The extended range
< OGEAN CURRENTS associated with biological
* BOTTOM COMPOSITION parameters results from
o CLOUD PATTERNS the study of marine life
o SLICKS and its ecology, in which

s SURF
® SEA SURFACE TEMPERATURE
* SURFACE OBJECTS
¢ PLANKTON AND FISH
e COASTAL FEATURES
» ICEBERGS
o AIR-SEA INTERFACE

i 1 |

10 100 1,000

SPATIAL RESOLUTION (METERS)
Figure 5-3. Spatial Resolution Requirements-Oceanography

® CLEAR-AIR TURBULENCE (C.A.T.)
o SOiL MOISTURE
@ GLOBAL SEVERE STORMS
® GLOBAL SFC. WINDS
@ GLOBAL AIR POLLUTION
© REGIONAL SEVERE STORMS
@ GLOBAL PRECIP. AND SFC. TEMP.

® SNOW, ICE COVER
® LOCAL PRECIP AND AIR POLLUTION
@ GLOBAL CLOUD TOPS AND COVER

® LOCAL CLOUD TOPS
@ REGIONAL SFC. WINDS, TEMP, AND GLOUD COVER

9 PRESSURE
@ LOCAL STORMS AND CLOUD COVER

1 1

© WATER VAPOR PROFILE
® GLOBAL TEMP PROFILE
© GLOBAL UPPER WINDS
@ HEAT BUDGET

! {
100 1,000 (1 NMI) 104 (10 NMY) 105 (100 NMI)

SPATIAL RESOLUTION (METERS)

Figure 5-4. Spatial Resolution Requirements-Meteorology

life cycles which vary
from hours to decades are
observed,

5.4 OBSERVATIONAL
PLATFORMS

The information contained
in Figures 5-3, 5-4, 5.5,
and 5-6 are cross plotted
in Figure 5-7. While sim-
ilar regions of the spec-
trum are of interest to
oceanographers and
meteorologists (Fig-

ures 5-1 and 5-2), the
observation programs are
quite different. The
oceanographic events
change more slowly than
meteorological phenomena
but require finer grid-
point sampling intervals.
Requirements for synoptic
and continued coverage of
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BOTYOM COMPOSITION
ANOMALIES
COASTAL FEATURES
POLLUTION
OCEAN CURRENTS
ICEBERGS
SEA SURFACE TEMP

SEA STATE

SLICKS

LOCAL WINDS
CLOUD PATTERNS
SURFACE 08JECTS
ALA-SEA INTERFACE
PLANKTON AND FISH

OPTIMUM { | [\ MINIMUM USEABLE
1 HOUR 1 DAY 1 WEEK 1 MONTH 1 YEAR

OBSERVATION PERIOD

Figure 5-5. Observation Frequency Requirements-Oceanography -

CLIMATIC EFFECTS
o7
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Q20NE:
GLOBAL POLLUTION
SOIL MOSITURE
SNOW AND ICE

GLUBAL STORMS AND CAT.
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1 [l 1 1 1
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Figure 5-6. Observation Frequency Requirements-Meteorology
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Figure 5-7. O&M Data Requirements Summary-A
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Figure 5-8. O&M Data Requirements Summary-B

meteorological events require data
gathering on an hourly to daily basis
as contrasted to oceanographic meas-
urements which require daily to yearly
sampling intervals.

These observational patterns suggest
that different orbital platforms may
be required (Figure 5-8). The rela-
tively coarse measurements requiring
frequent observations, typical of
certain global weather events, would
be adequately accommodated by vehi-
cles in synchronous orbits. The very
slowly changing oceanographic phe-
nomena requiring relatively fine
spatial resolution would be adequately
accommodated by surface and aircraft
observations. The oceanographic and
meteorological measurements made
frequently with fine spatial resolution
might be obtained by satellite in low-
altitude orbits.

The program defined included two
major measurement elements: an
R&D phase and an operational phase
(Figure 5-9). The development of
instruments, measurement techniques,
and operational theories or models are
the R&D objectives. The operational
systems involve the more routine data
gathering, processing, and dissemina-
tion. As descriptive and predictive
techniques are developed in the R&D
phase, they in turn establish the sen-
sors, data processors, and information
interfaces needed in the operational
system by the using agencies.



The shifting pattern of
demands for measure- I

ment platforms was THEORIES
examined for the R&D AND MODELS MEASUREMENTS
(Figure 5-10) and the 1
operational phases PRO?:ATA
(Figure 5-11). Orbital INSTRUMENT MEASUREMENT ESSORS
facilities, aircraft, sur- CONCEPTS  TECHNIQUES @
face vehicles, and mul- DISPLAYS
tiple combinations, FOR
USERS

including orbital plat-

forms, were consid-
.ered.. C_Jriterla used in RESEAROCH AND OPERATIONAL
- identifying the most Dy LOPMENT SYSTEM

responsive type of meas-
urement platform were
(1) projected equipment
development status and
space flight worthiness of instruments; (2) necessity for concurrent measurements,
such as ground-truth verification; (3) the required geographical coverage and
resolution; and (4) the periodicity, frequency, and duration of the observations.

Figure 5-9. Technical Objective Achievement

Most orbital measurements identified for the R&D phase required ancillary verifi-
cation or ''ground truth'' testing. Certain theoretical studies, however, could be
verified by specific experiments performed on the orbital platform. These gener-
ally relied on some unique advantages of orbital space (zero-g, synoptic coverage
capability, etc.). An example is the zero-g required in various experiments deal-
ing with cloud physics and weather modification mechanisms. '

Some measurements were identified by the scientific contributors as being of
potentially great value if they could be made on a synoptic basis, even though no
feasible technique was currently available for remote sensing. These types of meas-
urements were included in the analysis for completeness but were identified as

being feasible only from surface vessels. Examples are sea-surface electric
charge and gravitational and magnetic anomalies.
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*REMOTE SENSING TECHNIQUES NOT FEASIBLE AT THIS TIME

Figure 5-10. Measurement Platforms-Research and Development Phase

®REMOTE SENSING TECHNIQUES NOT FEASIBLE AT THIS TIME

Figure 5-11. Measurement Platforms-Research and Operational Phase
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As the emphasis on the measurement programs shifts towards the operational sys-
tems, the use of independent orbital facilities becomes more important (Fig-

ure 5-11). However, aircraft appear to continue to offer advantages in those opera-
tional areas dealing with the assessment of such slowly changing phenomena as
coastline patterns and bottom anomalies. These trends are based solely on the
expected ability of the given platform to satisfactorily accomplish the observations,
The comparative operating economies of the various platforms were not considered
in this study.

5.5 THE ROLE OF MAN

Although an evaluation of the role of man in orbital operations involves analysis
beyond the scope of the present study, the data at hand permitted at least a prelim-
inary assessment of his potential contribution. The rationale followed in this anal-
ysis acknowledged that man could be '"engineered' out of the orbital system but
usually at the price of increased complexity, decreased reliability, and decreased
system capability., On the other hand, man requires complex support equipment
and is therefore costly. Each measurement requirement was analyzed to determine
the nature of man's possible contributions to the program and how they might change
the R&D and the operational phase. FIive potential contributions of man were
identified:

1. Selection of targets.

2 Checking of complex instrument functioning.

3 Calibration and testing of new and complex instruments.

4. Manipulation of observation meterials.

5 Visual observations.

Each measurement was weighed against these criteria; man was considered
"valuable' in space if three or more were involved in the measurement program
and ''useful' if one or two were satisfied (Figures 5-12 and 5-13). Results indicated
that man could make a useful or valuable contribution to nearly 50% of the measure-
ment programs in the R&D phase. In the operational phase, however, the role of
man became less certain, as indicated by the significant number of '"to-be-
determined’ judgments. The measurement programs requiring man were generally
those involving highly complex instruments with selective pointing, or specific
zero-g experiments requiring monitoring and controlling.
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Currently available or proposed instruments were examined to determine whether
they provided the desired instrument capabilities and the measurement require-
ments, The prime source of data on existing and proposed instruments was the
NASA ~supplied lists from the Nimbus and Applications Technology Satellite
programs and from the APS A and B Apollo Applications Program, Of the 25
required instruments, 20 could be identified in current or proposed NASA pro-
grams; 5 were new, Figure 5-17 summarizes the types and program sources for
these instruments.

Instruments proposed for APS A and B programs would play a significant role in
satisfying the oceanography and meteorology program requirements, If these pro-
grams did not materialize, a corresponding gap in equipment development would
exist, '

Section 6

SCOPE OF STUDY AND STUDY LIMITATIONS

The foregoing discussion has described the procedures followed in identifying
orbital-research objectives in a logical and systematic manner, The study has
examined the disciplines of oceanography and meteorology from the viewpoints of
the research scientists and of other potential users of the information. Recom-
mendations for specific classes of measurements have been made,

The study was limited to the examination of the oceans, the atmosphere, and their
interaction, Coastal zones were included, but the freshwater or limnological zones
were not, Also, the tidal influence of the sun and the moon on the atmosphere was
not explored. Before a comprehensive plan for Earth-oriented research can be
developed, these and other regions of Earth-centered observations should be
analyzed. It can be anticipated that
agricultural and forestry applications,
geological surveys, and photogram-
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identified; design requirements for space laboratories and facilities can be speci-
fied; and the mission operations and ground support necessary can be defined,
Hardware development times and costs will then provide a basis for the preparation
of a realistic time-phased program plan, These steps remain to be taken.

The present study was further limited to the identification of observational require-
ments which were of value to oceanographic and meteorological research and which
appeared to be potentially feasible from remote platforms. No attempt was made to
assess the economic tradeoffs involved in determining the cost effectiveness of the
various potential data-gathering platforms, (i.e., aircraft, surface vessels, or
orbital facilities) although judgments were made regarding the most responsive type
of measurement platform from an engineering or research standpoint.

Finally, the scheduling of orbital research requires an ordering of research objec-
tives. This implies the assessment of priorities for the measurements as a function
of the relative importance of the critical issues to which the measurements are
directed. During the present study, the scientific contributors were asked for their
judgments regarding the relative importance of the issues identified. There was
generally universal agreement that both atmospheric and oceanographic pollution
were the most important issues. Beyond this point, judgments differed. While it
was beyond the scope of the present study to pursue the problem of priority assess-
ment with the scientific community as a whole, it must be recognized that, unless a
consensus can be derived by competent authority, future planning studies will be
limited in their ability to establish the most significant and effective experiment
plan.

Section 7
IMPLICATIONS FOR RESEARCH

The Oceanography and Meteorology Study found that a significant number of the
measurements necessary to fulfill the study objectives can be implemented by a
remote-observation program. For remote sensing of certain parameters, such as
surface charge, bottom composition, and acoustic signature, an advance in tech-
nology is needed. The importance of these variables suggests that research might
profitably be directed toward these areas.

Besides the instruments to implement the measurements program, other factors
are required to completely synthesize the system. For example, one major objec-
tive of the meteorology program is the achievement of accurate, long-range weather
forecasts. While capabilities exist today for 36-hour forecasts based upon
simplified two-degree-of-freedom models with 500-km resolution, accurate 10- to
14-day forecasts require more complicated three-degree-of-freedom models, with
input data accurate to a 5-km resolution level (Figure 7-~1).

Development of more accurate long-range forecasting requires sensors capable of
much finer resolution and requires more frequently sampled observations of the

atmosphere. Coupled with these trends are requirements for advanced mathematical

models capable of operating with increased fidelity in simulating the physical
situation. Study of recent COSPAR reports indicates that major portions of the
numerical models necessary in the simulation have been formulated but remain to
be tested and verified. The refinement and validation of such mathematical models
will be a continuing research need.

The trend in meteorology toward higher resolution and more frequent measurements
and the advanced theoretical numerical models for weather forecasting makes an
advance in computational facilities a more critical requirement. Analysis of these
requirements indicates that, to achieve the desired automatic forecasting capability,
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Similar trends are found in ocean-
ography. Analysis has shown that,
for large-scale fisheries prediction and the generation of use-oriented information,
the data-acquisition rate exceeds the stated capabilities of any current or contem-
plated observation platform. As mentioned previously, more fundamental to the
problem of implementing a fisheries-prediction system is the formulation and
verification of theoretical models of marine biological behavior. Expansion of
applied-research activities can validate existing models and develop new ones, as
required. These classes of research are very long range programs which can lead
to vast increases in scientific understanding of very complex natural processes.

Figure 7-1. Meteorological System Evolution

This study did not consider the economic implications of the research program
necessary to fulfill the objectives identified by the systematic approach. It should
also be noted that no current satellites in orbit directly support oceanography
research objectives, although much of the meteorological data currently being
gathered can be used in oceanographic research.

An example of the anticipated experiment program evolution foreseen for orbital
oceanography and meteorology is documented in Volume II, Appendix A, Certain
characteristics can be seen in the total measurement requirements, which provide
insight into the expected role of a manned space platform during the early research
phase. Towards this end, measure-
ment requirements were suggested

for areas (1) where manned participa-
tion is valuable or useful and (2) where

MILLIONS OF OPERATIONS PER SECOND

. . . 108 — !
orbital platforms or a combination of ERY
. E 107 |____HYDROSTATIC 24 COMPLETE |—>
space and other platforms is needed. e MOTIONS- 3D
s : 61 HORIZONTAL MOTIONS
This subset of total requirements 10 ACCELERATIONgr
includes such observation types as sea 10%
color, turbidity, and bioluminescence; 104 I
storm tracking, air, and cloud motion; 3
10
sea-surface temperature; surface, and e |
airborne objects; vertical soundings Vo 100 % |
of temperature, pressures, moisture, 10 f
and winds; gaseous, liquid and solid CDCE600 1 |
s . 1965 1970 1975 1980 Tr
composition of the atmosphere; and T A CALENDAR YEAR
electrical discharges 500KM 50KM  GRID POINT RESOLUTION SKM
Study of the instrument-development
. : : P gl Figure 7-2. Computer Requirements for Automatic Weather Prediction
requirements has indicated that initial



emphasis can most profitably be placed on the development of cameras and IR
radiometers. These, in turn, are followed by spectrometers, microwave radio-
meters, radars, and groups of these instruments functioning together. Nighttime
coverage becomes practical as radiometers and low-light-level camera systems
are introduced. Spectrometers permit temperature- and moisture-profile observa-
tions, while microwave radiometers and radars allow sensing of surface and rain-
fall conditions.

The measuring instruments finally used in orbital research will include the more
advanced and complex sensors of the equipment grouping. Also, the functional
activities involved in performing these measurements can be anticipated to be par-
ticularly complicated during the early research phase, considering requirements
for simultaneously making observations and ground truth tests. Man's role as a
researcher, observer, and instrument operator during this critical early research
phase will be particularly important. His natural ability, coupled with training and
specific skills, will address such orbital activities as critical instrument adjust~
ments, coordinated experimental procedures where several parties will be in voice
contact with each other, on-board handling of important data, observational tech-
niques, and early interpretation of results of individual research experiments.
When these scientific duties are coupled with other required on-board supporting
activities, such as maintenance and repair, the synergistic observational capability
of a flexible manned orbital-research facility will be fully realized.

Section 8
SUGGESTED ADDITIONAL EFFORT

This study explored the areas of oceanography and meteorology research and
identified elements of a long-range experiment plan which would profit by the use of
space platforms, utilizing the capability provided by manned operations. In doing
so, this study has examined a significant portion of the sun-Earth coupled system.
To identify completely all sun-Earth interactions and relationships, however, the
study should be expanded to cover other related areas of interest such as the limno-
logical zone (including land, rivers, lakes, and streams) and lithospheric
phenomena. From this extended base, the total Earth-oriented program of
oceanographic and meteorological research could be synthesized with balanced
requirements, mission loads, and specific R&D goals.

In addition to a completed study of the land-sea-air interface, the following areas
for further activity are recommended:

1. Expansion of the systematic approach for the identification of research
objectives to include other Earth-oriented research areas: agriculture,
forestry, geography, geology, and hydrology.

2. Delineation of general mission-planning requirements, promising options,
and measurement tradeoffs,

A, Identification of major factors influencing operation and configuration
design.

B. Examination of data-handling needs and system impact on ground
facilities.

C. Description of mission mode alternatives, day/night observation
targeting, and unique research-oriented observational opportunities.

D. Determination of economic tradeoffs between alternative data collection
methods.

3. Development of a time-phased plan, including engineering estimates of
costs and schedules, showing program alternatives, major R&D milestones,
and design-decision points.
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4. Development of a theoretical base through observation of remotely sensed
data which can be used to infer parameters of specific interest to users.
5. Identification of critical R&D areas.

A, Examination of the needs for key theoretical studies and long-term
investigations necessary for model development.

B. Definition of the pacing experiments requiring zero-g or orbital
observations and investigations of technological advance necessary to
implement the ultimate data-management requirements.

In summary, the Oceanography and Meteorology Study has been an exploratory
effort to define systematically those orbital measurement requirements which would
most directly serve the needs of the scientific community and potential using
agencies. The design and operation of manned and unmanned space vehicles appears
to be well within current technology. To be effectively utilized, however, such
vehicles must be responsive to user needs. It is hoped that the effort described in
these documents will help provide some insight into an analytic approach which
translates user objectives into measurement plans.
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